Study Objectives: The Pittsburgh Sleep Quality Index (PSQI) is a widely used self-report questionnaire that assesses general sleep quality. This study aimed to validate the single-factor scoring structure and related psychometric properties in the English language version of the PSQI in community-based adolescents.
Introduction
Sleep problems, including insufficient sleep [1] , poor quality sleep [2] , and sleep disorders such as insomnia [3, 4] , are common among adolescents. Recent studies have found up to 87 per cent of adolescents report the need for more sleep on school nights [5, 6] , up to 65 per cent have prolonged sleep latency (i.e. >30 min), [7, 8] and at least a third experience excessive daytime sleepiness [7, 9] . Characteristic features of adolescent sleep (e.g. circadian phase delay, pattern of restricted sleep opportunity on school nights followed by weekend "catch-up" sleep) are developmental processes that contribute to adolescents' susceptibility to experiencing sleep problems [10, 11] . Adolescent sleep problems are in turn associated with a range of impairments [12] , including anxiety [13] , depression [14] , suicide ideation and attempts [15] , reduced academic performance [16] , obesity [17] , cardiovascular risk [18, 19] , and motor vehicle accidents [20] . Thus, early and accurate identification of sleep problems in adolescents is important.
The Pittsburgh Sleep Quality Index (PSQI) is the most commonly used self-report questionnaire for assessing general sleep quality [21, 22] . The PSQI consists of 18 individual items that assess sleep habits, sleep disturbances, and daytime impairments experienced during the previous month. The items are used to calculate seven component scores that correspond to specific domains of sleep, namely, subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleeping medication, and daytime dysfunction. These component scores are then summed to generate a single PSQI global score representing overall sleep quality. In adult populations [21, 23] without medical comorbidities [24, 25] , a global score of greater than five suggests problematic sleep that may require clinical investigation.
In adults, the psychometric properties of the PSQI have been evaluated in clinical [26, 27] and nonclinical [28, 29] populations that range from college students [23, 30] to older adults [31, 32] . A recent systematic review and meta-analysis of 37 psychometric studies found that the PSQI has good internal consistency (Cronbach's α range = 0.70-0.83), known-group construct validity (i.e. ability to discriminate between groups of individuals known to have a disorder associated with poor sleep and healthy individuals), convergent validity (e.g. moderate associations with anxiety and depression), and divergent validity (e.g. weak association with unrelated constructs such as vomiting and anger) [22] . Structural validity was moderate and evidence for testretest reliability was limited due to variation in the method and results of the four studies examined (e.g. retest time ranged from 2 weeks to 1 year, type of correlation coefficient varied, results showed test stability in some groups but not others). Overall, the authors concluded that the reliability and validity of the PSQI is strong, and that the PSQI fulfills its use as a screening instrument to identify sleep problems.
As such, the PSQI has the potential to be a valid and reliable screening instrument for the identification of adolescent selfreported sleep problems. Unlike instruments that are currently available and sufficiently validated for adolescents [33] , the PSQI is relatively short, making it easy to administer, score, and interpret, and also assesses multiple facets of sleep. Although the PSQI is widely used with adolescents [34] [35] [36] [37] , few studies have examined its psychometric properties in this population. Those studies that have, used translated versions [38] [39] [40] [41] or were conducted in clinical samples [42] . Studies with adolescent samples using Chinese [38, 39] , Spanish [40] , and Brazilian [41] versions of the PSQI have reported good internal consistency (Cronbach's α range = 0.71-0.87). Using a Spanish version of the PSQI, de la Vega and colleagues [40] reported good divergent (r = −0.35) and convergent (r = 0.42) validity of the PSQI global score with positive mood and fatigue, respectively, and good test-retest stability over 6 weeks (r = 0.81). However, the diversity of sample characteristics limits the generalizability of their findings. For example, these studies were conducted in different countries, and participants ranged from 9 to 24 years of age. Factors that influence adolescent sleep patterns (e.g. differences in school start times, cultural practices such as parent control of bedtimes) and sleep problems are known to differ according to geographic region and age [2, 43, 44] . Thus, further validation of the PSQI, especially the English language version, in adolescent samples is required.
In particular, the structural validity of the PSQI requires further investigation in both adult and adolescent samples. The PSQI's single-factor scoring structure was originally developed on the basis of clinical opinion and field testing by sleep researchers and clinicians [21] . The PSQI scoring structure assumes a global score representing general sleep quality is sufficient to capture the multifaceted nature of sleep problems identified by the questionnaire. This has led to a number of studies designed to empirically test the validity of the scoring structure using factor analysis [22] , a statistical technique that seeks to identify higher-order relationships between variables in order to identify the presence of latent factor/s, that is, a variable to which common variance can be attributed [45] . Cole and colleagues [31] were the first to use factor analytic methods to evaluate the PSQI in a sample of older adults. Their results indicated a three-factor model comprising latent variables labeled Sleep Efficiency (PSQI components loading on this factor were sleep duration and habitual sleep efficiency), Perceived Sleep Quality (subjective sleep quality, sleep latency, and use of sleeping medication), and Daily Disturbances (sleep disturbances and daytime dysfunction). Subsequent studies have reported various structures with support for single-, two-, and three-factor scoring structures [22] .
This variation likely reflects differences in sleep characteristics that exist in various populations, suggesting that the ideal PSQI scoring could be variable across different groups [31] . However, these different findings have also been attributed to the variability of factor analytic methodologies used in these studies [46] . Notably, studies that conduct an exploratory factor analysis (EFA) or confirmatory factor analysis (CFA) on a single sample are likely to produce results that are sample specific, which limits replicability and generalizability of findings [46] . To address this issue, some studies have used a cross-validation approach [31, 29] , in which an EFA is conducted first on a random half-sample to identify the latent structure, followed by a CFA of the resultant structure on the second random half-sample to determine the replicability of the results.
To the best of our knowledge, only three studies have investigated the structural validity of the PSQI in adolescents, and results have supported single- [40] and two-factor [41, 42] scoring structures. However, these were conducted using non-English versions of the PSQI or with clinical samples. Benhayon and colleagues [42] conducted an EFA in a sample of adolescents (n = 96) with comorbid Crohn's disease and depression. They found a two-factor model comprising factors labeled "Qualitative" (sleep disturbance, subjective sleep quality, daytime dysfunction, and sleep latency) and "Quantitative" (habitual sleep efficiency and sleep duration). Passos and colleagues [41] conducted an EFA (n = 209) and CFA (n = 100) on a Brazilian version of the PSQI. The EFA indicated both two-and three-factor models, with habitual sleep efficiency and sleep duration comprising a separate factor. In the CFA, the two-factor model was deemed the best fitting and replicated the structure found by Benhayon and colleagues [42] . Using a Spanish version of the PSQI, de la Vega [40] and colleagues conducted a CFA (n = 216) of this same twofactor structure and the original single-factor scoring structure, with results supporting the latter. In all three studies, the "use of medication" component was not included in the final models as it was deemed to perform poorly on a range of criteria (e.g. missing data and low factor loadings) and because model fit was improved with its removal. In adult samples, there is a variation in whether this component is removed or retained [22] . Together, this suggests that overall subjective sleep quality measured by the PSQI global score in adolescents may comprise different sleep problems to those of adults.
The primary aim of the current study was to examine the factor structure of the PSQI and to determine the validity of the global score in a community sample of Australian adolescents using a cross-validation approach. [31] We predicted that findings would support the current practice of using a single global PSQI score-specifically that the results of an EFA conducted on an independent random half-sample would support a single factor structure, and that this would be replicated in a CFA on a second random half-sample. For comparison with other studies, we also examined the internal consistency of the PSQI and the convergent validity of the PSQI global score with symptoms of depression and anxiety. Consistent with previously reported coefficient values, we hypothesized that internal consistency would be acceptable (Cronbach's α > 0.70). Given that there is a well-established relationship between poor sleep and emotional problems in adolescents, we hypothesized that the PSQI global score would have a positive association of at least moderate strength (Pearson's r > 0.40) with both depressive and anxious symptoms.
Methods

Participants
The data used for the present analyses were obtained from the "Sleep, Mood, and Heart Health (SMHH) Study" conducted at the University of Melbourne, Australia, from 2010 to 2012. The SMHH Study was approved by the Central Human Research Ethics Committee at the University of Melbourne, the Department of Education and Early Childhood Development, and the Catholic Education Office Melbourne, and all procedures conformed to the standards of the Declaration of Helsinki. All participants and their guardians provided informed written consent prior to participation.
The SMHH Study comprised a number of distinct experiments designed to investigate relationships between sleep, mental health, cardiovascular function, and immune health in adolescents aged 12 to 18 years old. Eligibility criteria differed for each of these studies which, along with detailed methods and results, have been published elsewhere [47] [48] [49] . However, the initial recruitment and screening procedure was common for all these experiments and is briefly described here.
Participants were recruited from secondary schools in metropolitan Melbourne between 2010 and 2011. Secondary schools (grades 7-12) were selected on the basis of geographical proximity to the University. Fourteen schools (7 Government, 4 Independent, 3 Catholic) participated in the study. Consenting participants completed a screening questionnaire battery during class time which included the following: (1) PSQI [21] ; (2) the Center for Epidemiological Studies-Depression (CES-D) scale [50] ; and (3) the Spence Children's Anxiety Scale (SCAS) [51] .
The questionnaire data obtained from the in-school screening phase of the SMHH Study were used for the present analyses. To date, one study [52] has been published using a subsample (n = 741) of these data. The study primarily examined mediational relationships between sleep characteristics (i.e. PSQI scores) and depressive symptoms (i.e. CES-D scores) using path analysis.
For 
Measures
The Pittsburgh Sleep Quality Index
The PSQI is an 18-item self-report questionnaire designed to assess overall sleep quality over a 1 month period. [21] The first four items relate to sleeping habits and are in free response format (e.g. "How many hours of actual sleep do you get at night?"). The remaining items are related to sleep disturbances and daytime impairments. These items are rated in terms of the frequency or severity of the problem on a 4-point Likert scale (e.g. 0 = Not during the past month, 1 = Less than once a week, 2 = Once or twice a week, 3 = Three or more times a week). Notably, item 8 asks, "How often did you have trouble staying awake while driving, eating meals, or engaging in social activity." The legal driving age in Australia is 18 years old. Therefore, in the current study, the activity "while driving" was adjusted to read "during class" to ensure that item 8 remained developmentally relevant and that the intent of the item was retained.
The 18 items are scored nonlinearly to generate seven component scores, namely, subjective sleep quality (hereafter referred to as Quality), sleep latency (Latency), sleep duration (Duration), habitual sleep efficiency (Efficiency), sleep disturbances (Disturbances), use of sleeping medication (Medication), and daytime dysfunction (Dysfunction). Each component score has a possible range of 0 to 3, with higher scores indicating poorer sleep. The sum of the component scores yields a PSQI global score of sleep quality which ranges from 0 to 21.
The Center for Epidemiologic Studies-Depression scale
The CES-D is a 20-item self-report questionnaire that measures depressive symptoms over the past week [50] and demonstrates favorable psychometric properties in adult [50] and adolescent [53, 54] [50] , and scores ≥24 suggest a depressive disorder [55] , although cut-off scores vary according to sample characteristics [50, 54] . In the present study, 538 of the total participants (60.5%) scored below 16, 182 (20.5%) scored between 16 and 23, and 169 (19.0%) scored ≥24. The CES-D total score was used to measure convergent validity of depressive symptoms with the PSQI global score.
The Spence Children's Anxiety Scale
The SCAS is a 44-item self-report questionnaire used to assess anxiety symptoms experienced by children [51] and adolescents [56, 57] . Participants rate the frequency of experience of each item on a 4-point Likert scale (0 = Never, 1 = Sometimes, 2 = Often, 3 = Always). The SCAS comprises subscales to provide information on six anxiety subtypes: separation anxiety, social phobia, obsessive compulsions, panic and agoraphobia, generalized anxiety, and fears of physical injury. The sum of the six subscale scores produce a total score ranging from 0 to 114. Scores at or above 33 (adolescent males) and 38 (adolescent females) indicate elevated anxiety symptoms based on population norms accessible at www.scaswebsite.com (accessed April 6, 2018) .
In the present study, 195 of the total participants (21.9%) had scores suggesting elevated anxiety symptoms. The SCAS total score was used to measure convergent validity of anxiety symptoms with the PSQI global score.
Statistical analysis
Descriptive analyses and EFA were conducted using the Statistical Package for the Social Sciences (SPSS; Version 22) [58] and SPSS add-on R-Factor (Version 2.0) [59] . CFA was conducted using SPSS Amos (Version 22) [60] . The 18 PSQI item scores were reduced to seven components as per standard scoring instructions [21] . A component score for a participant was considered missing if any item scores required to calculate that particular component were missing. There was a small amount of missing data (ranging from 1.1% to 3.3% missing) for all of the PSQI components, except for Medication (21.0% missing). However, the missing data were deemed to be missing completely at random (MCAR) on the basis of a nonsignificant chi-square statistic for Little's MCAR test, χ 2 (98) = 116.33, p = .10 [61] . Less than 2 per cent of data were missing for each of the CES-D and SCAS items. Missing data were imputed using the expectation-maximization (EM) algorithm in SPSS (i.e. a two-step iterative method in which existing variable parameters are used to impute a missing value-based estimations of the most likely value) [62] . Total scale scores for the PSQI, CES-D, and SCAS were calculated according to standard scoring procedures [21, 50, 51 ]. Cronbach's alpha (α) was calculated as a measure of internal consistency [63] . Pearson correlations (r) between the PSQI global score and the CES-D and SCAS total scores were calculated to assess convergent validity of sleep quality and emotional problems. Factor analysis was carried out on the PSQI component scores using a cross-validation approach [31] . The total sample (n = 889) was deemed adequate for cross-validation (i.e. >30 respondents per variable) [64] and was split into two independent subsamples using a computer-generated randomization list. An EFA was carried out on the first subsample (n = 444) to investigate the latent structure of the PSQI. A CFA was subsequently carried out on the second subsample (n = 445) to determine the replicability of the EFA results.
Preliminary analyses were conducted to ensure that the first subsample was suitable for an EFA. The sample met recommended criteria in terms of (1) size to produce clear and reliable factors (i.e. n > 300 and >10 respondents per variable [65] , in this case, the seven PSQI component scores requiring an n = 70), which was met with the current sample size (n = 444), and (2) variable characteristics (i.e. potential factors have >3 variables and assumption of linear relationship between variables and factors) [64, 66] . The determinant score (>0.00001) indicated an absence of multicollinearity (i.e. when predictor variables in a regression model are highly correlated) between variables. Bartlett's test of sphericity (i.e. tests correlation matrix to determine whether data reduction is appropriate; p < 0.001) and PSQI component correlations (Table 1 ; range 0.08-0.57) were adequate and comparable with other samples, e.g. Ref. [31] . This suggested patterned relationships among variables, although some were weak (correlation coefficients < 0.30). The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy (i.e. summary statistic indicating the proportion of variance in variables that might be due to common variance; 0.733) and values on the diagonal element of the anti-image correlation matrix (i.e. measure of sampling adequacy for individual variables; range 0.66-0.81) were acceptable (>0.50), indicating that distinct factors could be produced.
The number of factors to retain in the EFA was determined on the basis of multiple criteria to avoid bias towards over-or under-extraction [67] : the Kaiser's criterion (eigenvalues > 1); Cattell's scree test; Velicer's minimum average partial (MAP) test; Horn's parallel analysis (PA) with principal components, random permutation data (=1000 samples), Pearson correlations, and comparison to the mean; optimal coordinates (OC); and acceleration factor (AF). All procedures were run through the SPSS R-menu (v2.0) [59] .
The EFA was first conducted on the Pearson correlation matrix using principal axis factoring (PAF) and a direct oblimin rotation (i.e. an oblique rotation that allows for correlations between factors) as PAF extraction is particularly robust to violations of multivariate normality common in psychological data [68, 69] . The EFA was also conducted using the maximum likelihood (ML) extraction for comparison; ML is less commonly used for EFA [70] but is often used in studies conducting an EFA of the PSQI components, e.g. Refs. [27, 31] and results can differ with variation in methodology [71] . Factor loadings represent how much each variable (i.e. the PSQI components) contributes to the factor. All resultant factor loadings were evaluated against the following criteria: ≥0.71 (excellent), 0.63-0.70 (very good), 0.55-0.62 (good), 0.45-0.54 (fair), 0.32-0.44 (poor), and <0.32 (unacceptable and deleted from factor) [65] . The cut-off score for cross-loadings was 0.32 [72] .
Using the second subsample, a CFA was performed on the model found in the EFA. The CFA was conducted on the covariance matrix using standardized estimates of factor loadings. ML extraction was used [73] and multivariate non-normality was addressed using bootstrapping [60] . The adequacy of model fit was determined on the basis of multiple fit indices [74] . The root mean square error of approximation (RMSEA) is a measure of absolute fit that tests the difference between the model and the data per model degrees of freedom. An RMSEA between 0.05 and 0.08 in conjunction with a 90% confidence interval (CI) (lower bound < 0.05 and upper bound < 0.10) is considered acceptable, values < 0.06 are considered excellent [75, 76] . The standardized root mean square residual (SRMR) represents the standardized difference between sample correlations and the model-estimated correlations, with values < 0.08 indicting good fit [75] . Model chi-square test p-values of >0.05 indicate good fit [77] ; however, it is almost always statistically significant in large samples. [78] Therefore, the model chi-square test results are reported here for descriptive purposes but were not used in evaluating model fit. The comparative fit index (CFI) indicates relative fit of the specific model over the null model, with a value of >0.95 indicating good fit. [75] Wherever necessary, comparison between models was made on the basis of the Bayesian information criterion (BIC) values, in which values of at least >10 points difference indicate a better model fit [79] .
Results
Demographic statistics
Descriptive statistics and correlations between the seven PSQI components for the full sample, and the EFA and CFA subsamples, are presented in Table 1 . Across all three samples, participants' scores on each component varied from 0 to 3, whereas means ranged from 0.24 to 1.54, and standard deviations ranged from 0.50 to 0.92. Polychoric correlations between components ranged from 0.06 to 0.66, indicating small-to-moderate positive associations between the components. The EFA and CFA subsamples had similar descriptive statistics and correlations between the components.
Reliability analysis-internal consistency
When calculated using the full sample (n = 889), Cronbach's α for the seven PSQI components was 0.73, indicating an acceptable level of internal consistency ( Table 2) . Deletion of any one component would decrease Cronbach's α from between zero (Medication) and 0.07 (Latency) points, depending on the component deleted. The result indicated that no item should be removed to improve reliability.
Exploratory factor analysis
Results primarily indicated that a two-factor model should be retained for the EFA. Kaiser's criterion (eigenvalue > 1) showed that factor 1 (eigenvalue = 2.79) explained 39.87 per cent of the variance in the data, factor 2 (eigenvalue = 1.17) explained 16.75 per cent of the variance, and factor 3 (eigenvalue = 0.90) explained 13 per cent. In PA, the second factor was the last factor with a raw eigenvalue greater than that which could be found in random data (factor 1 = 1.18, factor 2 = 1.10, factor 3 = 1.05). Visual examination of Cattell's scree plot suggested that two factors accounted for most of the variance, although the test involves an element of subjectively and one could argue for a single factor. Indeed, the AF and OC tests (which assess the scree via nongraphical solutions) [67] suggested retaining one and two factors, respectively. Finally, the lowest average partial correlations produced by the original (MAPr 2 = 0.053) and revised (MAPr 4 = 0.005) MAP tests indicated that a single-factor should be retained. Given the discrepancy in these results, both Polychoric correlations are provided for descriptive purposes only and were not analyzed for significance.
*Score range for all components was 0-3.
a single-factor model and 2-factor model were investigated in the EFA. The results of the EFA using a single-factor structure and PAF and ML extraction methods are presented in Table 3 . The two extraction methods had comparable standardized factor loadings. Six of the seven PSQI components had fair to excellent loadings. The Medication component had a poor loading (PAF = 0.34 and ML = 0.32) but was retained in the model as it met prespecified cut-off criteria (i.e. 0.32) and the results of Cronbach's α did not indicate that it was a threat to internal consistency. Extracted communalities (i.e. the proportion of variance in each variable accounted for by the resultant common factor) ranged from 0.1 (Medication) to 0.6 (Quality). The single-factor model accounted for 30.7 per cent of the total variance. The factor was labeled "Global Sleep Quality" to reflect the original PSQI structure (i.e. summation of all components yield a total score of global sleep quality).
The results of the EFA of a two-factor structure using the PAF and ML extraction methods are presented in Table 4 . Under both extraction methods, standardized factor loadings were comparable and ranged from fair to excellent. Factor loadings met prespecified cut-off criteria; there were no loadings less than 0.32, and no cross loadings greater than 0.32. However, for the following reasons the results should be interpreted with caution. Firstly, using PAF extraction, extracted communalities ranged from 0.24 (Medication) to 0.88 (Duration). Using ML extraction, extracted communalities ranged from 0.20 (Medication) to 1.00 (Duration). Communalities ≥ 1 can suggest overfactoring, which can occur when a factor has only one large loading [80] . This was deemed to be the case here as standardized factor loadings for Duration were high under PAF extraction (−0.96) and ML extraction (1.02). Secondly, factor 2 only comprised two variables (Duration and Efficiency), which had low correlations with other variables. Factors with fewer than three variables, particularly if the variables are not highly correlated (r > 0.70) with each other, are generally considered unreliable [64, 72] .
Taken together, a two-factor model comprising a factor with only two variables that were not highly correlated with each other or other variables and with a disproportionately large factor loading for Duration (with communality ≥ 1) suggests overfactoring and the production of unreliable factors. Therefore, the results of the EFA supported a CFA using a single-factor model with all seven of the PSQI components (Table 3) , consistent with the original PSQI scoring structure.
Confirmatory factor analysis
Based on the results of the EFA, a CFA was run on a single-factor model using the second subsample (n = 445). As presented in Table 5 , the initial single-factor model did not meet adequate fit criteria as the RMSEA, SRMR, and CFI were outside of prespecified cut-off values. Removal of the Medication component from the model, which had a low factor loading (0.33), did not improve these model fit indices and was retained. The assumption of the initial model was that there were no direct relationships between variables. Therefore, poor model fit can suggest that there are important relationships that have not been modeled within the latent structure. Modification indices (MIs) indicate how much model fit will be improved if the assumption of no direct relationships between variables is overridden, and a new path (e.g. regression or correlation) is added to the model. MIs > 10 are typically considered to be large enough to warrant a respecification to the model, provided it is theoretically justified [81] . Given that the present model consisted of a single factor, only correlations between residuals (i.e. error variance not accounted for in the relationship between the observed and latent variables) could be added. Similarly, significant standardized residual covariances (i.e. >1.96) provide an indication of discrepancies between the model and the data and guide decisions to remove variables from the model [82] .
Examination of the MIs indicated that model fit could be improved by correlating the residuals of Duration and Efficiency (MI = 86.31). These two PSQI components have strong content overlap as sleep duration is used in the calculation of sleep efficiency. The model was rerun; however, the respecified model did not meet adequate fit criteria as the RMSEA and CFI remained outside of prespecified cut-off values (Table 5) . Further examination of the MIs indicated correlating the residuals of Efficiency and Latency (MI = 17.36). Again, these components have content overlap as sleep latency affects sleep duration and therefore the calculation of sleep efficiency. This respecified model yielded acceptable fit statistics (Table 5) ; the SRMR and CFI were within prespecified cut-off values, although the RMSEA value met criteria for "adequate" and not "excellent" fit. There were no further MIs > 10 and no standardized residual covariances > 1.96. The BIC values indicted that the model improved with each respecification (>10 points). Therefore, no further modifications were made and the final model is presented in Figure 1 .
While a confirmatory approach was adopted for the CFA, a CFA can also involve an element of exploration if there is statistical and theoretical justification [74] . In the present study, some of the EFA factor retention criteria suggested a two-factor structure, and the MIs in the final CFA suggested correlating residuals Loadings are a = excellent, b = very good, c = good, d = fair, e = poor [65] .
between Duration and Efficiency, and Efficiency and Latency suggesting important relationships between these variables. Therefore, we also conducted an "exploratory CFA" of a two-factor structure comprising Duration, Efficiency, and Latency on Factor 1, and the remaining four components on Factor 2. All model fit indices were outside prespecified cut-off values, indicating that this model was not a good fit to the data and no modifications could be made on the basis of MIs > 10. This result further supported the final single-model result of the CFA (Figure 1 ).
Convergent validity
The mean PSQI global score for the full sample of 889 participants was 6.36 ± 3.22 (range 0-19). A frequency histogram of participants' PSQI global scores is presented in Figure 2 
Discussion
To the best of our knowledge, this is the first study to examine psychometric properties of an English language version of the PSQI in a community sample of adolescents. Consistent with the scoring structure of the original PSQI, the results of the EFA indicated a single-factor model, comprising all seven PSQI components, provided the best fit to the data. Although a twofactor model was also investigated, the results of the EFA did not support this model. Consistent with our expectations, the model indicated by the EFA was replicated in the CFA using an independent half-sample. However, acceptable model fit was only obtained after post hoc modeling of correlations between the residuals of the Duration and Efficiency, and Efficiency and Latency components. A subsequent exploratory CFA of a twofactor model in which Duration, Efficiency, and Latency were modeled on a separate factor did not yield an adequate model fit. This suggests that there are important relationships between these variables, but not relationships that represent a separate underlying latent construct. Our hypothesis that internal consistency would be adequate was supported. Coefficients were comparable to those previously obtained in both adult [22] and adolescent [38] [39] [40] [41] samples, albeit towards the lower end of ranges reported. The mean global PSQI score for this sample (6.36 ± 3.22) was comparable to the mean scores reported in other community samples of adolescents (6.4 ± 2.4; 6.05 ± 3.16) [34, 37] , being nearly one point higher than mean scores reported in a community sample of Australian adults (5.39 ± 2.87) [29] , and approximately one point lower than the mean reported in the original PSQI study (7.4 ± 5.1) [21] . Our hypothesis that the PSQI global score would have good convergent validity with depressive and anxious symptoms was also supported, as there were moderate-tolarge positive correlations between the PSQI global score and the CES-D and SCAS total scores. This finding is consistent with correlations obtained in adult [25, 83] and adolescent [37, 40] samples, and with an extensive body of research demonstrating that sleep and emotional problems are intimately related to adolescence [84] .
The finding of a single-factor model is consistent with models found in some studies with adults [22] and adolescents [40] , but not others [41, 42] . However, unlike all previous analyses with adolescent samples, we retained the Medication component in all EFA and CFA models, as preliminary investigations were satisfactory (e.g. data were MCAR), resultant factor loadings met prespecified cut-off criteria, and removing this component did not improve overall model fit prior to post hoc modeling. Overall, the variation in the PSQI scoring structures (single-, 2-, and 3-factor models) in both adult and adolescent samples may be reflective of known differences in sleep characteristics in various populations and across the lifespan. However, it is also possible that the multidimensionality of the PSQI may be overstated within the literature because studies generally undervalue parsimony when comparing models, do not use robust factor retention techniques (e.g. PA), and do not have strong theoretical justifications for determining factor retention and extraction, and interpreting fit statistics [46] . For example, statisticians have cautioned against factors comprising less than three variables [69] which is the case with most two-and three-factor models of the PSQI.
Therefore, the discrepancy between single-and two-factor models in the adolescent literature is potentially due to these differences in factor analytic techniques. In the current study, the EFA with PAF extraction and an oblique rotation indicated a two-factor model with Duration and Efficiency loading Factor matrix is pattern matrix; Rotation is direct oblimin; Loadings are a = excellent, b = very good, c = good, d = fair, e = poor [65] . Bold values = factor loading >0.32
(i.e. component retained in factor).
*Interpret with caution [64] .
on a separate factor. This result was consistent with that of Benhayon and colleagues [42] who used the same extraction and rotation methods. However, when ML extraction was used in the current EFA, a two-factor model was not supported. The EFA conducted by Passos and colleagues found both two-and three-factor models with Duration and Efficiency loading on a separate factor. This EFA used an orthogonal (instead of oblique) rotation method and the extraction method was not reported suggesting that results may differ depending on the rotation and extraction method used [85] . Furthermore, both the de la Vega [40] and Passos [41] groups conducted a CFA which indicated a two-factor model, again with Duration and Efficiency loading on a separate factor. The former group chose to retain a single-factor model after noting a high interfactor correlation and in the interest of parsimony. However, the latter group opted to retain a two-factor model. The relationship between Duration and Efficiency is reflected in the results of the current CFA. Although a two-factor model was not supported, the final single-factor model only yielded an adequate model fit after key relationships were modeled, one of which was between these two components.
A potential reason for the relationship between Duration and Efficiency is that these two variables are computationally related in the PSQI scoring. That is, the response to item "During the past month, how many hours of actual sleep did you get at night?" is used to assign a score for the Duration component and is also used to calculate Efficiency (i.e. number of hours slept divided by number of hours spent in bed multiplied by 100). Notably, Duration and Efficiency had the highest correlation between all the components. Therefore, we suggest that the correlation of residuals is the most appropriate way to model this computational overlap in measurement. This modeling potentially reflects the relationship more accurately than the creation of a latent variable which assumes that measured variables are largely independent of one another. In addition, residual scores between Efficiency and Latency were also correlated. Although not calculated on the PSQI using shared items, a respondent might mentally subtract sleep latency time from bedtime to obtain sleep onset time, again resulting in a computational relationship. Thus, we suggest that the relationships between these three variables are important, but may be an artifact of the way raw data are used to calculate the component scores in the PSQI, rather than being indicative of an underlying latent structure. It is clear from the current findings that some adolescents use medications, herbal remedies, and other substances. However, the Medication component was problematic for a number of reasons. First, there was a relatively high amount of missing data compared with other components. The location of the sleeping medication item in the middle of the PSQI suggests that the item may have been left blank due to confusion or perceived irrelevance, rather than carelessness (indeed a number of respondents wrote "don't know"). Second, it was unclear at times whether adolescents were simply listing any medications (e.g. pain medication) or those prescribed off-label for the purpose of aiding sleep (e.g. antihistamines). To obtain more reliable medication data in the future, adolescents may require additional instructions when completing the PSQI. Third, there was no improvement in internal consistency if the Medication component was deleted. Fourth, Medication had low factor loadings on final models, albeit consistent with values observed in some of the adult literature [29, 30] . This highlights that the Medication component, although clinically meaningful, may not be contributing substantially to the latent construct of overall subjective sleep quality as measured by the PSQI global score in adolescents.
Taken together, the current findings support retaining the single-factor structure of the PSQI in adolescents and do not indicate that changing to a two-or three-factor scoring structure is required. They suggest that the PSQI global score represents a unidimensional latent construct of overall subjective sleep quality in adolescents. They also indicate that there are important relationships between the components of Duration, Efficiency, and Latency compared with relationships between other components. This is likely due to a common method of calculation between the items that comprise these components.
Future research may therefore seek to confirm a single-factor structure with residual correlations between these components modeled in a confirmatory manner. The findings also highlight that use of sleeping medication in adolescents is important to assess but is a less salient feature of adolescent sleep problems. Therefore, future studies could identify weights for each PSQI component relative to their contribution to the global score (e.g. using item response theory) [81, 86] to reflect that the sleep problems assessed by the PSQI components may not equally contribute to the experience of subjective sleep quality in this age group.
Key strengths of the current study include its large sample size and advanced techniques for determining the number of factors to retain in the EFA. Furthermore, this study highlights the large number of statistical decisions required to conduct an EFA and CFA such as those relating to the preparation of data, extraction and rotation methods, and number of factors to retain [46] . Notably, we treated the PSQI component scores as interval scales and used Pearson correlations for the factor analysis in order to remain consistent with approaches in the majority of the extant PSQI literature. However, some studies have used polychoric correlations in recognition that the PSQI component scores may be better represented as an ordinal scale. This variability in decision making and reporting of methodology remains a general limitation of factor analysis and we support the development of guidelines for conducting factor analyses of sleep assessment tools [46] .
We altered the wording of item 8 (from "while driving" to "during class") to enhance its developmental relevance. The combinatory nature of the PSQI scoring means that slight wording changes at item level are unlikely to affect the global score. An additional consideration is that the PSQI is likely to be a reflection of school night sleep only. In the current study, the PSQI was completed during school term and participants were asked to report on their sleep for the majority of nights in the past month. Given that sleep variability is a key feature of adolescent sleep, problems that are salient on school nights are likely to be different from those related to weekend and vacation "catch-up" sleep [87] . Therefore, it would be informative to determine whether the PSQI scoring structure differs on weekends and vacation periods.
A number of limitations in the current study can inform future research directions. The type and number of scales used to determine convergent validity were limited. All scales were self-report and related to mental health. Future investigations should examine the convergent validity of the PSQI with other constructs related to self-reported sleep problems (e.g. clinicianrated mental health diagnoses, fatigue, daytime sleepiness, and chronic pain). Furthermore, divergent validity was not assessed in the current study.
This study was conducted with a community sample of adolescents and did not include various diagnostic groups (e.g. adolescents with insomnia). Thus, test attributes such as sensitivity, specificity, and known-group validity could not be examined and this remains an important next step in validating the PSQI in this age group.
To date, no study has validated the PSQI cut-off score (>5) in adolescents and this was not investigated in the current study. Future studies are needed to determine an appropriate cut-off score to identify general sleep problems and/or insomnia and other sleep disorders, and consensus guidelines for the scoring of components (e.g. what constitutes poor, adequate, and optimal sleep efficiency in adolescents?). This process may also include an investigation into whether overall subjective sleep quality measured by the PSQI global score is best represented as a categorical or continuous construct [22] .
The current findings validate the single-factor structure of the PSQI in adolescents and highlight gaps in current knowledge regarding the ability of the PSQI to assess adolescent sleep. The PSQI has the potential to be a useful instrument for the assessment of general subjective sleep quality in adolescents and continued work investigating the use of the PSQI in this population is warranted. With normative data, the PSQI could be used as a single screening tool to monitor sleep quality across the lifespan.
